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Comments from Nina
G. Jablonski
Stewart and Disotell’s synthesis of
higher primate evolution [1]
represents an important and
refreshing addition to the literature.
Stewart and Disotell state, correctly,
that Old World monkeys and
hominoids diverged about 20 million
years ago, and that the two lineages
of Old World monkeys diverged from
one another in Africa 10–15 million
years ago. Colobine monkeys then
seem to have undergone an early
lineage splitting event, resulting in
the production of distinct African
and Eurasian sublineages.
This view is supported by the
evidence of the well-represented
colobine fossil genus Mesopithecus in
eastern Europe and western Asia in
the latest Miocene and by fairly
plentiful fossil colobines of Pliocene
age in eastern and southern Africa. It
is also supported by the occurrence
of colobine monkeys today in both
Africa and Asia. It has been assumed
by most students that the colobine
monkey species living in Africa and
Asia today are the descendants of
this original split. But are they?
The results of a recent
phylogenetic analysis of the colobines
[2] suggest that this might not be the
case. The African colobine monkeys
are diverse, with the living species
appearing to be morphologically very
distinct from their Pliocene relatives.
Although this difference might be
attributable, in part, to a problem of
preservation of forest-dwelling
species in the fossil record [3], it
might signify a real phyletic
discontinuity between some or all
members of the two groups.
To add further interest, the living
African colobine genera themselves
are divided into two morphologically
distinct groups, comprising the olive
colobus monkey, Procolobus verus, on
the one hand, and the species of red
colobus (genus Piliocolobus) and black-
and-white colobus (genus Colobus) on
the other. The inescapable conclusion
is that the African colobines are
probably not monophyletic [2].
Procolobus verus, widely recognized as
a primitive species, seems to sit at the
base of the entire colobine clade, and
is widely separated from the clade
comprising the rest of the African
colobines. Thus, Procolobus seems to
have diverged from the stem colobine
lineage prior to the separation of the
African and Eurasian sublineages.
What of the other living African
colobines? The morphological
similarities that Colobus and
Piliocolobus share with the Asian
colobine genus Trachypithecus suggest
that these two groups might have
shared a common ancestor that
diverged from the Eurasian colobine
clade prior to the origin of
Mesopithecus. If further detailed study
shows this to be the case, then it
would turn out that the living red, and
black-and-white, colobus monkeys
are actually descendants of a Eurasian
species that re-invaded Africa in the
later Miocene. And wouldn’t it be
interesting if this putative form
moved into Africa at the same time as
the presumed ancestor of the living
African hominoids mooted by Stewart
and Disotell?
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Stewart and Disotell’s synthetic
analysis of molecular, fossil and
biogeographical data regarding the
evolution of Old World monkeys and
hominoids adds a new chapter to this
controversial field. Their results
support the hypothesis that ancestors
of Asian colobines dispersed out of
Africa into Eurasia within the past
10 million years, whereas hominoids
dispersed out of Africa about
20 million years ago, and then
migrated back into Africa within the
past 10 million years [1].
Recently, Jablonski analyzed 455
characters of 540 specimens from 36
species of Old World monkey —
including the fossil colobine
Mesopithecus pentelicus. A single most
parsimonious tree was found, but
bootstrap analyses were not
presented, probably because of the
difficulty with large numbers of taxa.
Jablonski’s results demonstrated that
the African colobines, Trachypithecus
and Semnopithecus might be highly
polyphyletic, with Procolobus verus at
the base of the entire colobine clade,
and Mesopithecus grouping with Nasalis
and Pygathrix [2]. On the basis of that
tree, the ‘Africa origin’ hypothesis
requires at least three dispersal
events: one out of, and two back into,
Africa, and all those dispersals would
occur before 8.5 million years ago.
The alternative ‘Asia origin’
hypothesis also requires at least three
dispersal events. That phylogenetic
tree, however, is inconsistent with
both the traditional morphological
viewpoint and recent molecular
results. For example, there is a
general agreement that Trachypithecus
phayrei and T. francoisi are closely
related congeners. Such a relationship
is also supported by rDNA,
mitochondrial DNA and random
amplified polymorphism DNA data
[4–7]. The divergence between those
two species was estimated to be less
than two million years ago based on
both mitochondrial DNA restriction
fragment length polymorphism data
and sequence data [4,6]. But
Jablonski’s results suggested a
divergence from a common ancestor
earlier than 8.5 million years ago,
even before the divergence of
African Colobus [2]. DNA sequence
data, especially of African Procolobus
and Piliocolobus, are required to test
her hypothesis [2].
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The parsimony analysis involving
mitochondrial cytochrome b genes,
12S RNA genes and D-loop
sequences showed that the African
Colobus diverged first among
colobines ([4] and our unpublished
data), which is different from
Jablonski’s viewpoint [2]. The most-
parsimonious explanation for our data
is the one proposed by us [4] and by
Stewart and Disotell [1]: that is, the
colobines first evolved in Africa, and
then dispersed into Asia through land
bridges. Our data on mitochondrial
DNA also support the view that the
Asian macaque ancestral lineage
dispersed out of Africa within the
past few million years ([8]; our
unpublished data).
Stewart and Disotell estimated
that the divergence between the
gibbons and great apes occurred
about 18 million years ago [1]. Some
authors, however, suggested a date of
12–13 million years ago based on
limited nuclear sequence data [9], or
about 36 million years ago based on
mitochondrial DNA data [10]. We
have sequenced the gene that
encodes chemokine receptor CCR5
in primates and found the
synonymous mutation rate of CCR5
is constant — about 1.1 × 10–9 per
site per year (our unpublished
observations). On the basis of this
rate, we estimated that the
divergence between the gibbons and
great apes occurred about 16–17
million years ago, roughly supporting
the viewpoint of Stewart and
Disotell [1].
The origin and dispersal pattern
of hominoids seem to have been well
resolved by Stewart and Disotell’s
synthetic analysis. But investigations
of type C human retroviral genes
suggest an even more complicated
pattern of migrations for our hominid
ancestors. Benveniste and Todaro
[11] showed that Asian macaques,
langurs, gibbons, orangutans and
human type C retroviral sequences
are of one type, whereas African
colobines, mandrills, gorillas and
chimpanzees are of a distinct type.
This result suggests that modern
humans’ direct ancestors probably
spent most, if not all, of the Pliocene
in Asia.
A possible explanation is that,
after divergence from the
chimpanzee lineage, the direct
ancestors of modern humans
dispersed out of Africa, and then
migrated back into Africa from
Eurasia. In such a scenario, two
additional migration steps are
required, and the Australopithecus
found in Africa might not be in the
main lineage to modern humans but
rather, unsuccessful offshoots whose
progeny had not endured to the
present [11]. The above dispersal
pattern is even more complex than
that proposed by Stewart and
Disotell [1], but post-Pliocene fossils
from Africa and Asia seem not to
preclude such a possibility.
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First, we would like to commend
Nina Jablonski for her recent
compilation and explicit presentation
of numerous morphological
characters for both living and fossil
Old World monkeys [2]. This type of
research is greatly needed for a full
understanding of primate evolution,
which must combine knowledge of
their morphologies, distributions,
behaviors, and phylogenetic
relationships.
But if the tree that Jablonski
inferred from this morphological
dataset (reproduced in Figure 1a)
correctly represents the phylogeny of
the colobine monkeys, it would
radically overturn previous
classification schemes of the
colobines, all of which consider the
Asian and African species to be
monophyletic groups [12,13]. Because
morphological traits are the result of
complex interactions between the
genotype, developmental processes,
and the environment, we — like
many others — believe that
phylogenetic relationships are better
inferred from genetic data. 
We further believe that
Jablonski’s phylogenetic hypothesis
will be falsified by forthcoming
molecular genetic studies. Like
Zhang and Ryder, our laboratories
are actively involved in molecular
evolutionary studies of Old World
monkeys, and thus are privy to works
in progress. For example,
phylogenetic analyses of the
lysozyme gene [14], the protamine 1
and 2 genes (C-B.S., unpublished
observation), genes in the β-globin
locus (S.L. Page, C-H. Chui and M.
Goodman, personal communication;
C-B.S., unpublished observation),
the complete sequence of the
cytochrome b gene ([15]; C-B.S.,
unpublished observation), and a
2300 base-pair region of the
mitochondrial genome (C. Lehn,
M.R.J. Forstner and D.J. Melnick,
personal communication) all support
the monophyly of the Asian colobines
with respect to the black-and-white
colobus monkeys (genus Colobus).
Unfortunately, virtually no
sequence data exist for the olive
(Procolobus verus) or red (Piliocolobus
badius) colobus monkeys, so their
genetic relationships to the rest of
the colobines are less certain. The
2300 base-pair mitochondrial DNA
fragment, however, places
Piliocolobus and Colobus in a
monophyletic African clade
(C. Lehn, M.R.J. Forstner and D.J.
Melnick, personal communication),
in conflict with Jablonski’s tree
(Figure 1a).
The only sequence data that we
know of from the olive colobus is a
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partial sequence of the lysozyme
protein that was determined in the
mid-1980s [16]. Here, we combine
phylogenetic analysis of this protein
sequence with the published
lysozyme DNA sequences from Old
World monkeys [14] (Figure 1b).
The resulting molecular phylogeny
suggests that Procolobus branches
with Colobus, and together they form
a sister group to the Asian colobines.
Thus, no known sequence data
support Jablonski’s suggestion that
the African and Asian colobines do
not form monophyletic groups.
A great deal of molecular genetic
work still needs to be done, however,
before the phylogeny of the Old
World monkeys is known with
statistical certainty. Such a phylogeny
is needed as a foundation for
answering many biological questions.
For example, the Old World
monkeys have been implicated as
carriers of certain zoonotic human
disease-causing agents, including
some retroviruses. As retroviruses
can be transmitted both vertically
(from parent to offspring) and
horizontally (between unrelated
individuals and even different
species), a complete resolution of
primate phylogeny is necessary to
gain a thorough understanding of
retroviral origin, evolution and
transmission [17]. 
Because retroviruses can be
transmitted horizontally, using them
to trace dispersal patterns of
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Figure 1
(a) The morphology-based tree of the
colobines produced by Jablonski [2], with
African species in red and Asian species in
black. The lineages in bold lead to those
species for which lysozyme sequences are
available. This tree requires at least three dis-
persal events (indicated by arrows) to explain
the modern distribution of the species; one
of the possible scenarios requiring three dis-
persals is shown. (b) Shortest parsimony
tree for available lysozyme sequences. The
most parsimonious tree was inferred from
DNA sequences [14] of the species with
bold lines, using the computer program,
PAUP* 4.0 [18]. The protein sequence of
olive colobus (Procolobus verus) [16] was
used to place this species most-parsimo-
niously on this tree using the PROTPARS
matrix in PAUP* 4.0 [18]. The tree is rooted
by seven cercopithecine lysozyme
sequences [14]. This tree requires only one
dispersal event (indicated by the arrow) to
explain the modern distribution of colobines,
and is the scenario that we presented previ-
ously [1]. (c) Topology of lysozyme
sequences suggested by Jablonski’s tree (a).
This tree is significantly less likely than the
shortest parsimony tree (b), according to
Kishino-Hasegawa tests using PAUP* [18]
and the DNA sequences of the species with
bold lines. DNA sequences from red and olive
colobus monkeys are needed to further test
these alternative phylogenetic hypotheses. 
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populations or species, as Zhang and
Ryder wish to do here for early
humans, is fraught with unusual
difficulties. Furthermore, the early
study that they cite as evidence for
separate African and Asian primate
endogenous retroviral clades [11] was
based on DNA solution hybridization
using only a baboon retrovirus probe;
the evidence for an Asian clade was
merely lack of significant
hybridization to this probe. Recent
sequence analyses of these baboon
endogenous viruses (BaEV) reveal
that they are present only in a
limited subset of African monkeys,
and are not present in apes or
humans [17]. Thus, there is no
reason to hypothesize additional
early human dispersal events based
on this original retroviral study [11].
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Nina G. Jablonski
responds:
Thanks to the recent increase in the
pace of scientific discovery, our
knowledge of the evolutionary
history of primates has increased
tremendously. The controversy over
the phylogeny and systematics of
the colobine monkeys —
highlighted by Stewart and Disotell,
and Zhang and Ryder — is the
natural and very welcome product of
such work, and recalls the scientific
debate during the 1980s and early
1990s over the phylogeny of the
African apes.
The phylogenetic analysis of the
colobine monkeys that I published in
1998 [2] was intended as a new
starting point for scientific debate on
this subject. Because the analysis was
limited to the data at hand in the
mid-1990s, and because the vast
majority of such data were
morphological, the analysis cannot be
considered in any way definitive. Two
decades of intensive analysis of the
evolutionary relationships of primates
by morphological criteria have shown
that such criteria have great strengths
and equally great weaknesses.
For groups that have evolved very
recently in the geological past, and
which seem to have undergone rapid
radiations, such as the various
lineages of Old World monkeys,
morphological (and, in particular,
skeletal) criteria are manifestly
deficient. This is because many real
species in nature are distinguished on
the basis of only the most subtle of
soft-tissue and behavioral
characteristics. These characteristics
are often invisible to the systematist
working in the museum. Cladistic
analyses of the phylogeny of the Old
World monkeys based on morphology
have repeatedly demonstrated that
truly informative synapomorphies,
which can be used to establish
groupings of sister species, are few.
Species tend to be united by
uniformative symplesiomorphies
only, and distinguished from one
another by uniquely derived
characteristics (autapomorphies),
which do not help us define
evolutionary interrelationships.
This is a long way of saying that
the phylogeny of colobines I
published in 1998 is not the last word,
it is not even the penultimate word,
on the subject. Rather, it is a new
starting point for a truly integrative
phylogeny of the colobines, which
will, in due course, combine all
available morphological, molecular
and behavioral evidence.
The possibility that the Asian
colobines are not monophyletic is a
very real one, based on morphological
evidence, and I will be equally
happy to see the hypothesis proven
or falsified on the basis of new
molecular and other evidence.
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